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SYSTEM AND METHOD FOR MANAGING A 
DATABASE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The ?eld of the invention relates to database systems. More 

particularly, the present invention relates to a system and 
method for managing a database. 

2. Description of the Related Technology 
As the use of the Internet has become more and more 

popular, various database systems have been developed to 
track information that is associated With each of the users at 
an Internet site. These database systems can store demo 
graphic information, a list of user preferences, or other infor 
mation about each of the users of a particular site. 
One problem that has been encountered by these database 

systems is that it is time consuming to access and search the 
data once it has been accumulated. Often, database systems 
consist of millions of items of data Which are permanently 
stored on a mass storage medium. HoWever, not all of the data 
is “fresh”, or, in other Words, relate to current activity of the 
user. Therefore, various trash management systems have been 
developed to eliminate old or non-useful data from the data 
base system. One system that has attempted to solve trash 
management is described in US. Pat. No. 5,121,495 to 
Nemes. Nemes uses a hashing scheme Whereby each of the 
data records in a database has an expiration date. Once a data 
record has expired, the Nemes system removes the record 
from the database. HoWever, the Nemes system fails once 
database is completely full With unexpired data. 

Another problem that has been identi?ed is that many 
databases are designed such that information on one page 
references information on another one of the pages. This 
often occurs in tree, chain, or indirect systems. In these sys 
tems, if one page is successfully Written and an attempt to 
Write a dependent page fails, a corruption is introduced into 
the database. 

Therefore, there is a need for a system that is ef?cient in 
handling large numbers of transactions. Furthermore, there is 
a need for a system that does not introduce interdependencies 
betWeen each of the pages of the database. Thus, if one of the 
pages is contaminated, the other pages remain unaffected by 
the contamination. 

SUMMARY OF THE INVENTION 

One embodiment of the invention includes a method of 
managing a database that includes a plurality of sections, each 
of the sections capable of holding data records, the method 
comprising receiving a neW data record and a key that is 
associated With the neW data record, identifying one of the 
sections based upon the associated key of the neW data record, 
deleting one or more data records from the identi?ed section 
if the identi?ed section does not have su?icient space to 
contain the neW data record, and storing the neW data record 
in the identi?ed section. 

Another embodiment of the invention includes a program 
storage device storing instruction that When executed perform 
the steps comprising receiving one or more neW data records, 
each of the neW data records having an associated key, iden 
tifying a section from a plurality of sections, the identifying 
based upon the associated key of the neW data record, deleting 
one or more data records from the identi?ed section if the 
identi?ed section does not have suf?cient space to contain the 
neW data record, and storing the neW data record in the iden 
ti?ed section. 
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2 
Yet another embodiment of the invention includes a data 

base system for managing data records, the system including: 
a plurality of sections, each of the sections is about the same 
siZe that is used by an operating system to transfer data 
betWeen a primary storage and a secondary storage; and a 
control program Which receives a request for the storage of a 
data record, the control program selecting one of the sections 
based upon a key and storing the data record in the selected 
section. 

Yet another embodiment of the invention includes a data 
base system for managing information items, the system 
including a plurality of sections, and a control program Which 
receives a request for the storage of a data record, the control 
program selecting one of the sections and storing the data 
record in the selected section, the control program determin 
ing Whether the selected section contains su?icient unused 
space to hold the data record, and if the section does not have 
suf?cient space, the control program removing selected data 
records according to a ranking function 

Yet another embodiment of the invention includes a system 
for managing a database that includes a plurality of sections, 
each of the sections capable of holding data records, the 
method comprising means for receiving one or more neW data 
records, each of the neW data records having an associated 
key, means for identifying one of the sections based upon the 
associated key of the neW data record, means for deleting one 
or more data records from the identi?ed section if the identi 
?ed section does not have suf?cient space to contain the neW 
data record, and means storing the neW data record in the 
identi?ed section. 

Yet another embodiment of the invention includes a data 
base system for managing information records, the system 
including a primary storage, a secondary storage having a 
plurality of pages, a plurality of sections, each of the sections 
adapted to contain one or more data records, each of the 
sections residing in the secondary storage on one of the plu 
rality of pages, and a control program Which receives a 
request for the retrieval of a data record, the control program 
retrieving the data record from the secondary storage and 
storing the data record in the primary storage, the retrieval 
operation reading at most one page from the secondary stor 
age. 

Yet another embodiment of the invention includes a data 
base system for managing information items, the system 
including a primary storage, a secondary storage having a 
plurality of pages, a plurality of sections, each of the sections 
independent of each of the other sections such that an error in 
one of the sections does not affect any of the other sections, 
and a control program Which receives a request for ?he 
retrieval of a data record, the control program retrieving the 
data record from the secondary storage and storing the data 
record in the primary storage. 

Yet another embodiment of the invention includes a data 
base system for managing information items, the system 
including a client application, a primary storage comprising a 
plurality of pages, a secondary storage comprising a plurality 
of pages, a caching subsystem for copying pages from the 
primary secondary storage to the pages in the primary storage 
and vice-versa, a database data structure having a plurality of 
sections, each of the sections residing on one of the pages in 
the primary storage and/or the secondary storage, a database 
manager Which receives requests from the client application 
to store and a data record in the database data structure, the 
database manager selecting one of the sections and storing the 
data record in the selected section, the database manager 
determining Whether the selected section contains suf?cient 
unused space to hold the data record, and if the section does 
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not have suf?cient space, the database manager removing 
selected data records according to a ranking function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating one computing envi 
ronment for a database management system of the present 
invention. 

FIG. 2 is a block diagram illustrating the components of the 
database management system shown in FIG. 1. 

FIG. 3 is block diagram illustrating the format of a database 
data structure which is managed by the database management 
system of FIG. 1. 

FIG. 4 is a block diagram illustrating the structure of one of 
the data records of the database data structure of FIG. 3. 

FIG. 5 is a ?owchart illustrating a database creation pro 
cess for creating the database data structure shown in FIG. 3. 

FIG. 6 is a ?owchart illustrating a process for opening a 
database data structure which was is shown in FIG. 3. 

FIGS. 7 and 8 are in combination a ?owchart illustrating a 
process for putting a data record in the database data structure 
shown in FIG. 3. 

FIG. 9 is a block diagram illustrating an exemplary set of 
contents of a section of the database shown in FIG. 3, the 
section having a ?rst, second and third data record. 

FIG. 10 is a block diagram illustrating the contents of the 
section shown in FIG. 9 subsequent to having a fourth data 
record inserted into the section. 

FIG. 11 is a ?owchart illustrating a process for retrieving a 
data record from the database data structure shown in FIG. 3. 

FIG. 12 is a ?owchart illustrating a process for deleting a 
data record from the database data structure shown in FIG. 3. 

FIG. 13 is a ?owchart illustrating a process for sequencing 
through the data records in the database data structure shown 
in FIG. 3. 

FIG. 14 is a ?owchart illustrating a process for searching 
the database data structure shown in FIG. 3 for a data record 
based upon a speci?ed key, the ?owchart further illustrating 
the actions that are performed with respect to FIGS. 7, 1 1, and 
12. 

FIG. 15 is a ?owchart illustrating a process for deleting a 
data record from the database data structure shown in FIG. 3, 
the data record further illustrating the acts that occur with 
respect to FIG. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following detailed description is directed to certain 
speci?c embodiments of the invention. However, the inven 
tion can be embodied in a multitude of different ways as 
de?ned and covered by the claims. 

FIG. 1 is a block diagram illustrating a computer environ 
ment associated with the present invention. A client computer 
100 has a monitor 102 and a processing unit 103. The pro 
cessing unit 103 includes a data storage. 

The client computer 100 stores information that may be 
exported to other computing devices through a network 104. 
The network may include any type of electronically con 
nected group of computers, including for instance the follow 
ing networks: Internet, Intranet, Local Area Networks (LAN) 
or Wide Area Networks (WAN). In addition, the connectivity 
to the network may be, for example, remote modem, Ethernet 
(IEEE 802.3), Token Ring (IEEE 802.5), Fiber Distributed 
Datalink Interface (FDDI) or Asynchronous Transfer Mode 
(ATM). Note that computing devices may be desktop, server, 
portable, hand-held, set-top, or any other desired type of 
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4 
con?guration. As used herein, an Internet includes network 
variations such as public intemet, a private intemet, a secure 
internet, a private network, a public network, a value-added 
network, an intranet, and the like. 

Based upon a request from the client computer 100, a 
database management system 106 can store and retrieve 
information. In one embodiment of the invention, the data 
base management system 106 includes a gateway which is 
connected to a WAN 108. The WAN 108 has a plurality of 
network servers 110. One of the network servers 110 is con 
nected to a LAN 112 comprising a plurality of computers 114. 
The database management system 106 stores and retrieves 
information that may be located on one of the network servers 
110 or another computer in the network 104. In one embodi 
ment of the invention, database management system pro 
grams executes in part on a plurality of the network servers. In 
another embodiment of the invention, the database manage 
ment system programs executes on a plurality of the comput 
ers 114 on the LAN 112. In yet another embodiment of the 
invention, the database management system programs resides 
on the client computer 100. It is important to understand that 
the system programs of the present invention may be hosted 
on any computing device so long as a communication path 
way exists between the database management system 106 and 
an application program that is need of the services which are 
provided by the database management system 106. 

FIG. 2 is a high-level block diagram of the database man 
agement system 106 of the present invention. In one embodi 
ment of the invention, the database management system 106 
is in communication with a client application 190. The client 
application 190 can be any type of software program that is in 
need of a database. For example, the client application 190 
can be user pro?le demographic system (“user pro?le sys 
tem”), an e-commerce sales system, an inventory tracking 
system, or a word processor. For convenience of description, 
the remainder of the description will assume that the client 
application 190 is a user pro?le system which tracks the usage 
of a website by one or more users. 

In one embodiment of the invention, the client application 
190 resides on the client computer 100. In another embodi 
ment of the invention, the client application 190 is integrated 
with the database management system 106 into a single com 
puter platform. 
The database management system 106 also includes a data 

base manager 192. The database manager 192 exports an 
database application programming interface (“API”) to the 
client application 190. By using the database API, the client 
application 190 can store and retrieve information from the 
database management system 106. The database manager 
192 can interact with more than one client application 190. 
The database manager 192 is comprised of various mod 

ules. As can be appreciated by one of ordinary skill in the art, 
each of the modules comprise various sub-routines, proce 
dures, de?nitional statements, and macros. Each of the mod 
ules are typically separately compiled and linked into a single 
executable program. Therefore, the following description of 
each of the modules is used for convenience to describe the 
functionality of the database manager 192. Thus, the pro 
cesses that are undergone by each of the modules may be 
arbitrarily redistributed to one of the other modules, com 
bined together in a single module, or made available in a 
shareable dynamic link library. 

In one embodiment of the invention, the database manager 
192 uses a hashing scheme to store and retrieve data. Hashing 
is a well known technique for storing and retrieving informa 
tion from a computer storage. In a system using hashing, a key 
is operated upon by a hashing function to produce a storage 
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address in a hash table. The hashing function translates the 
key into addresses uniformly distributed throughout the hash 
table. Once an address is generated, the system accesses the 
desired storage location in the hash table. 

Table 1 sets forth beloW each of the functions that are 
exported by the database manager in the database API to the 
client application 190. 

TABLE 1 

FUNCTION FUNCTION DESCRIPTION 

Create Creates and initializes a neW database. 

Open Opens a previously created database. 
Put Put a [key, element] pair into the currently opened 

database. 
Get Obtains a data structure, given a key. 

Delete Given a key, removes a data record from the database. 
Sequence Iterates either forWard or backwards through each of the 

data records in the database. 
Close Closes the database that is currently open. 

The database management system 106 also includes a 
caching subsystem 194. The caching subsystem 194 uses one 
of various Well-knoWn caching strategies to keep frequently 
accessed pages easily accessible in a primary storage 196. 
The caching subsystem can be any off-the shelf caching pro 
gram, such as shareWare versions of caching program, knoWn 
as Berkley DB, available from the University of California at 
Berkley. In one embodiment of the invention, the primary 
storage 196 is a random access memory (“RAM”). The data 
base management system 106 also includes a secondary stor 
age 198. The secondary storage 198 can include any type of 
storage device such as a mass storage adapter. In one embodi 
ment of the invention, the caching subsystem 194 and the 
secondary storage 198 are merged into a single storage sys 
tem. 

FIG. 3 illustrates an exemplary database data structure 
according to one embodiment of the present invention. The 
database data structure 200 is partitioned into a number of 
sections. Preferably, the siZe of each of the sections is an 
integer multiple of same siZe that is used to transfer data 
betWeen the primary storage 196 and the secondary storage 
198 by the operating system (not shoWn). For example, for an 
embodiment of the present invention that is designed for use 
With Sun Solaris 2.5.1 of UNIX available from Sun Micro 
systems, Inc., the page siZe can be de?ned to be either or 
8,192 16,384, or 32,768 bytes. 
The database data structure 200 contains a header section 

204 that describes the format of the database data structure 
200. In one embodiment of the invention, the header section 
204 is the ?rst section in the database data structure 200. 
Alternatively, the information that is maintained by the 
header section can be maintained outside of the database data 
structure 200. The header section 204 includes a section siZe 
?eld 206, a total section number ?eld 208, and a database 
information ?eld 210. The section siZe ?eld 206 de?nes the 
length of each of the sections in the database data structure 
200. In a preferred embodiment of the invention, each of the 
sections are of a uniform length. HoWever, sections of varying 
length may also be employed. 

The total section number ?eld 208 de?nes the number of 
sections that are contained Within the database data structure 
200. In a preferred embodiment of the invention, the total 
number of sections Within database management system 106 
is statically de?ned upon the creation of the database manage 
system. HoWever, in another embodiment of the invention, 
the number of sections Within the database data structure 200 
can be dynamically adjusted. In one of the ?elds in the header 
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6 
section 204, the database information ?eld 210, holds admin 
istrative information about the database data structure 200. 
For example, the database information ?eld 210 can hold 
statistics about the number of items that have been dropped, 
the mean age of the items dropped, the mean number of data 
records per section, the standard deviations for the means, the 
byte ordering for the database data structure 200, a “magic” 
number identifying the database data structure 200 as being a 
database data structure, a hash function identi?er and/or a 
version number of the database. 
The database data structure 200 also contains a number of 

data sections 214. Each of the data sections 214 includes a 
section number ?eld 220, a total data records (number items) 
?eld 224, and an offset ?eld 228. The section number ?eld 
220 contains the section number that uniquely identi?es the 
respective section. The total data records ?eld 224 includes 
the total number of data records that are contained Within the 
respective section. Upon the initialiZation of the database data 
structure 200, the number of data records is equal to Zero. 
HoWever, as data records are stored and deleted by the client 
application 190, the total number of data records Within a 
section can vary. 
The offset ?eld 228 describes the position of the next 

available unused space Within the section. In one embodiment 
of the invention, the next available position is a relative mea 
surement in bytes from the beginning of the section. HoWever, 
it is to be appreciated that other measurement units can be 
used, such as bits. 

Further, each of the sections 214 contain Zero or more data 
records 232, each of the data records 232 being of, in one 
embodiment, variable length. Each of the data records 232 
contain information Which may be used by the client appli 
cation 190. The structure of each of the data records 232 is set 
forth in further detail beloW With reference to FIG. 4. 

FIG. 4 is a block diagram illustrating the various parts of 
the data records 232. Each of the data records 232 includes a 
key siZe ?eld 304, a data siZe ?eld 308, an access time stamp 
?eld 312, a key ?eld 316, and a data ?eld 320. The key siZe 
?eld 304 identi?es the length of the key ?eld 316. The data 
siZe ?eld 308 identi?es the length of the data ?eld 320. In one 
embodiment of the invention, the key siZe ?eld 304 and the 
data siZe ?eld 308 contain a number of bytes. HoWever, it is to 
be appreciated that other units for siZe can be used. For 
example, in another embodiment of the invention the data siZe 
?eld 308 contain a number of bits. The access time stamp ?eld 
312 indicates the last time that the data structure 232 Was 
accessed or modi?ed. The key ?eld 316 identi?es a unique 
key that is associated With the respective data structure 232. 
The data ?eld 320 contains data that has been requested to be 
stored by the client application 190 (FIG. 2). For example, for 
embodiments of the present invention Wherein the client 
application 190 is a user pro?le system, each of the data ?elds 
320 includes information that is associated With a user. In this 
embodiment, the data 320 can include: a name of a user, a 
user-id for the user, the number of times the user visited a 
Website, the actions that Were performed by the user during a 
Website visit, the preferences expressed by the user, the age of 
a user, the gender of the user, or other demographic informa 
tion. 

Method of Operation 

FIG. 5 is a ?owchart illustrating one embodiment of a 
process for creating the database data structure 200 (FIG. 3). 
The database management system 106 (FIG. 2) can maintain 
multiple distinct database data structures 200 during its 
operation. Starting at a state 500, the database manager 192 
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(FIG. 2) has received a create request from a client application 
190 (FIG. 2). At the state 500, the client application 190 
invokes the create function which is exported by the database 
manager 192 to the client application 190. As part of the 
create function, the client application 190 passes a number of 
parameters, including: a ?lename, an integer indicating the 
number of pages that are to be allocated within the database, 
and an integer indicating the siZe of each of the sections. At 
the state 500, the database management system 106 creates 
and stores the database data structure 200 on the secondary 
storage 198 using the speci?ed ?le name. In one embodiment 
of the invention, the siZe of the database data structure 200 is 
determined by Equation 1. 

SiZe:Section SiZe><(Number of Sections+l). (1) 

Where Section SiZeIsection siZe identi?ed in one of the 
parameters of the open function, and 
Number of Sections:number of sections identi?ed in one 

of the parameters of the open function. 
It is noted that in determining the siZe of the database data 

structure 200, the variable “Number of Sections” is incre 
mented by one so that space may be made for the header 
section 204. 

Still referring to the state 500, the database management 
system 106 (FIG. 2) initialiZes the header. The database man 
agement system 106 sets the section siZe ?eld 206 to be equal 
to the siZe which was identi?ed by the section siZe parameter 
of the create function. Furthermore, the database manage 
ment system 106 sets the total section number ?eld 208 equal 
to the section number that was passed by the number of 
sections parameter of the create operation. 
Moving to a decision state 502, the database management 

system 106 (FIG. 2) determines whether there are additional 
data sections to initialiZe. Upon ?rst reaching the decision 
state 502, the database management system 106 has already 
initialiZed the header section 204; however, each of the data 
sections 214 is still in need of initialiZation. At the decision 
state 502, if the database management system 106 determines 
that there are additional sections to initialiZe, the database 
management system 106 proceeds to a state 504. 

At the state 504, the database management system 106 
(FIG. 2) initialiZes an un-initialiZed data section. At the state 
504, the section number ?eld 220 (FIG. 3) is assigned a 
unique section number. Furthermore, the total data records 
?eld 224 (FIG. 3) is set to Zero. In addition, the offset ?eld 232 
(FIG. 3) is initialiZed to Zero. The database management 
system 106 then returns to the state 502 to determine whether 
there are additional data sections 214 to initialiZe. If the 
database management system 106 determines that all of the 
data sections 214 have been initialiZed, the database manage 
ment system 106 ?nishes the database creation process. 

In another embodiment of the invention, rather than initial 
iZing all of the database pages up front, a bit ?eld can be kept 
in the header section 204 which speci?es which of the sec 
tions has been initialiZed. 

FIG. 6 is a ?owchart illustrating a process for opening the 
database data structure 200 (FIG. 3). Before the database data 
structure 200 can be opened, the database data structure 200 
has been created by the process shown in FIG. 5. Starting at a 
state 600, the client application 190 (FIG. 2) calls the open 
function which is exported by the database manager 192 
(FIG. 2). As part of the open function, the client application 
190 identi?es the ?le name that is associated with the data 
base data structure 200 and was provided by the client appli 
cation 190 during a create request. Moving to a state 602, the 
database management system 106 (FIG. 2) opens and initial 
iZes a cache, an area in memory, for the ?le that is identi?ed 
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8 
by the client application 190. Continuing to a state 604, the 
database management system 106 opens the database ?le 
which is stored in secondary storage 198. In one embodiment 
of the invention, the database management system 106 uses a 
?le system procedure that is exported by the operating system 
(not shown) to open the ?le. After the database data structure 
200 has been opened, the client application 190 can store and 
retrieve data items from the database data structure 200. 

FIGS. 7 and 8 are in combination a ?owchart illustrating a 
process for storing a data record in the database data structure 
200 that is currently open. Starting at a state 804, the client 
application 190 (FIG. 2) executes the put function of the 
database manager 192 (FIG. 2). As parameters to the put 
function, the client application 190 passes a new data record. 
The new data record is identical in format to the data records 
232. At the state 804, the database manager 192 identi?es a 
data section based upon the key that is identi?ed by the key 
?eld 316 of the new data record. In one embodiment of the 
invention, the database management system 106 iterates 
through each of the characters in the key to perform the 
hashing function. In this embodiment, the database manage 
ment system 106 applies the algorithm shown below in Equa 
tions (Lines) 2-5 to accomplish this function. 

HASHIO, (2) 

XII TO NUMBERiOFiCHARACTERSiINiKEK (3) 

HASH:((HASH*PRIMEiNUMBER) xor KEY 
iCHARACTER(X)), (4) 

HASH:(HASH modulo NUMBERfOFfSEC 
TIONS)+1, (5) 

Where X:a looping variable, 
NUMBER_OF_CHARACTERS_IN_KEYqhe number 

of characters in a given key, 
PRIME_NUMBER:any prime number, 
KEY_CHARACTER(X)?he X’th ASCII character in the 

key, and 
NUMBER OF SECTIONS?he number of sections in the 

database data structure 200. 
It is noted that other algorithms may be used to identify a 

data section based upon a provided key. The database man 
agement system 106 (FIG. 2) then searches the identi?ed 
section for any pre-existing data records 232 that have a key 
that is identical to the key that is associated with the new data 
record. 
Moving to decision state 808, the database management 

system 106 (FIG. 2) determines whether a match is found. 
The process for searching the database data structure 106 
(FIG. 2) is described below with reference to FIG. 12. If the 
database management system 106 determines that a match is 
found, the database management system 106 proceeds to a 
decision state 812. Otherwise, if the database management 
system 106 does not ?nd a match, the database management 
system 106 proceeds to a decision state 824. 

Referring again to the decision state 812, the database 
management system 106 (FIG. 2) determines whether the 
matching pre-existing data record is the same siZe or larger 
than the new data record. If the matching pre-existing data 
record is the same siZe or larger than the new data record, the 
database management system 106 proceeds to a state 816. At 
the state 816, the database management system 106 over 
writes the pre-existing data record with the new data record. 
An overwrite of the pre-existing data is acceptable because 
the Put operation is de?ned to overwrite existing data with the 
same key. Furthermore, the database management system 
106 reclaims any unused space which is not used by the new 












